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I Introduction 


The production of verious color effects on brick in firing 
involves control of atmospheric conditions, both in the heating and 
cooling of the ware, and regulated temperatures or rates of tem 
perature change. wWuch advancement has been made in industrial preact- 
ice in production of a veriety of colors end shedes on face brick 
of both fire clay and shale. Less has been done in accurste study 
of the effects of various factors of firing end cooling conditions, 
as well as of body compositions, on the color development. 

The process of producing verious colors on clay ware by 
application of reducing conditions or with alternate reduction and 
oxidation treatment is termed "flashing." In industrial practice, 
the procedure veries considerebly with different clays and products. 

A common method of obteinine reducing conditions is by 
firing heavily with o11 during the flashing period. The kiln tem- 
perature is allowed to drop 100°, after 2" settle and the steam is 
cut down in the burners to allow just enough to atomize the oil. 
The o11 produces a strongly reducing atmosphere which is maintained 
until the temperature again rises to the maximum, after which the 
kiln temperature is agein allowed to drop 100° Cc. and the flashing 
is repeated, The number of flashes is determined by the appearance 
of samples which are drawn after each flash. 

With coal firing, flashing is done first by clesning the 
fires after 2" settle has been obtained; then building up a heavy 
fuel bed with fresh coal. The dampers durine the flashing are al- 
most completely closed. Heavy smoke issues from the stack, When 


this ceases, the fires are recharged and the operation continued 
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for about six hours, the leneth of time depending on the character 
of clay. After each firing and burning out, the kiln clears, at 
which time the controlling samples should be drawn, ‘Some operators, 
instead of using the coal for reducing, introduce tar into the kiln 
through the crown hole of the kiln, This, however, produces bad 
discolorations tn the region where the tar is introduced. 

Gag-flashing follows the same procedure as with oil. 

In cooling, kilns are usually kept closed tightly until the 
critical temperature is passed, after which they can be cooled in 
oxidizing conditions without loss of black color. By opening the 
kiln immediately after reduction, greens are produced; if too slow 
in cooling, browne to reds result from the excess reoxidation. To 
fecilitete rapid cooling, lerge doors and roof vents are mace with 
a method of Pens air into the bottom of the kiln, This was con- 


sidered by Hull as wasteful. 


1. Review of literature, 
ve] 


Serer, an early writer on coloration of brick, was of the 
opinion that the ferric oxide was reduced to the ferrous state, 
producing the black, and that the intermediate colors were @ Tre- 
sult of lacking quentity of iron, Color varied directly as the 
amount of iron present in the clay. 

Flashing was a live problem with the American Ceramic 
Society from the time of the society's origin. Giessen i intro- 
duced the subject, presenting two theories of flashing, First, 

a deposit of some sort on the brick produced the flash; second, 
a reduction of the ferric iron to ferrous iron produced the flash. 


He stated that the maximum burning temperature of the clay was the 


San 

necessary point at which to flesh in order to produce permanent 
results, The statement thet vitrified brick will not take eae flash 
is disputable, as well as the steterment thet the flash is produced 
in cooling rather than during the actuel reducing period. 

Bleininser ° brourht to attention the golds, greens, browns, 
and blecks producible by fleshing of fire clay brick. Factors in- 
volved in flashing are chemical composition as a whole; amounts 
and character of iron; physical conditions of clay; temperature of 
burning: degree of reduction; and rate of cooling in relation to 
the rate of oxidetion. He concludes that fleshing is aided by 
lime and siliestes; and thet vyrite is highly desirable. His 
theory of coloration is based on the action of iron in porcelains, 
Immediately efter reduction the color of the brick is gray with 
specks of ferrous silicates on it; upon cooling, the mass turns 
black. 

5 

Winchell describes only one silicete, FeoSi0e, as colorless, 
resembling the high-iron olivine, feyalite, The silicate is found 
in slags. Bleininger : further stated that iron oxide and silica 
cannot exist side by side and that their union is aided by fluxes. 
This would indicate the formation of 2 slar or glass gue ag was 
noted by Washington in his study of Plateau Basalts. He tells 
of Fe,0, forming as globules which decrease in size upon the in- 
crease in the glass content, forming a black glase which is very 
éifficultly decolorized, 

Felsner, i in studying the coloration of ¢lass by iron, 


found the following to be true, 


lined 


2 parts Fe.0., end 3 parts of FeO produces blue rlass 
s. f) me @,) ® i" " " yellow rless 
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Pull stzted thet blacks are produced in strongly reducing 
kilns with rapid cooling; greens and browns are produced after the 
flash by cooling rapidly in oxidiging atmospheres browns and 
blacks are produced by astngatning reducing conditions after flash- 
ine end cooling slowly. He also believes that coloration takes 
plece in cooling, 

williams Tecate Peso and FeCl, to the surface of a 
brick column with the following results, 

1 Pry application gave no effect 
2 Wet anpliestion was fleshable anc cured scummine. 
3 Fecl, gave a better base for a flash 
4 — was overcome with FeCl, et much lower cost 
than with Bac. 
teeatey™” added the point thet on dry-press brick, flashing 
was less effective than on stiff—mud brick due to the difference in 
densities, 
Formation of iron esilicstes is very coubtful sinee only one 


is known, Fe Rao which is colorless, and further, no Fe=3i0,, 


2 
10 
compounds were reported by Croig in his prorress report on the 
ne s a? of vr 
study of the system Fed 0. A1,0,, $10.. 
From the methods of firing we oan readily conclude that a 
reduction of some sort takes plece which is a chemical change, 


This change, according to literature, may be the reduction of 
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ferric iron to ferrous iron, the formetion of silicates of iron 
end the formation of a black glass. The first and third theories 
ere probable put-since only one iron silicate is known and it is 
colorless, and since no such compounds heave been reported in a 
study of the system including such possibllities--re esnnot in- 
clude the second theory 2a possible in the coloration of sheles, 
The chemicel chenre is vossible at hich temperatures and may go 
either way, depending on the tyve of stmoephere and temperature, 
Therefore, in cooling, a critical temperature defines the limit 


above which the chence will teke place, 
II Purpose and Plan of Studies 


This paper tekes up the study of colors produced in shale 
brick by manipulation of the atmosphere, the atmospheres necessery 
for the vroduction of the different colors, and the microscovic 
structure of the veriously colored brick, formuleting 2 theory as 
to their existence, 

Preliminary studies were made to determine the behavior of 
the clays to be studied in burning, the range of ges and sir 
ratios within which reduction and coloration was possible, the 
proper type of furnace to use, the duretion of fleshing,and the tem 
perature for flashing, 

The possibilities in the reduction and oxidation atmospheres 
were summarized in the following outline. 

I One reduction at the finishing temperature 

A Rapid Cooling 
1 Oxidizing conditions 
2 Reducing conditions 


~ be 


B Slow cooling 
1 Oxidizing conditions 
2 Weducing conditions 
TI Two reductions at the finishing temperature 
A Rapid cooling 
1 Oxidizing conditions 
2 Reducing conditions 
BR Slow cooling 
1 Oxidizine conditions 
2 Reducing conditions 
Test pieces obteined by ench of the above procedures vere 
examined for color and structure, and representative samples were 


studied under the microscope. 
III Waterials Used 


Six shales were chosen for the investigetion. 

1. Shale from the Alton Brick Company of Alton, Illinois 
which is of the caving brick tyne having a fair amount of csrbon in 
it and no scumming salts. 

2, Galesburg, Illinois shale which wos very similar to 
shale number one. 

3%, Shale from the Streator Brick Company of Streator, 
Tllinoie which metured at a hieher temperature than the two above, 
possessed considerably more esrbon end some seumming salts. 

4, Shale from the Denville Prick Compeny of Denville, 
Illinois which matured st 2 considerably lower temperature, contain- 
ing very much cerbon, and very little seumning solts. 


6  Shele from the Corel Ridge Sley Products Company of 


> 


me 


Corel Ridge, Yentucky which matured sbout midway between one and 
four, conteining very little carbon, and a lerge amount of seumming 
salts. 

G6 Evansville, Indiene shele resembled the shale number 
five very closely excent for the absence of scumming salts, 

The iron content in all of these shales was about the same, 
The size of the iron oxide particles in the burned state varied 
but little in the different shales. 


IV Preliminary Studies 


1. Determination of sefe firing temperature under oxidizing 


conditions. 


Since flashing wes to be done at the maximum temperature et 
which the clay could be safely fired and et lower temperatures, it 
was necessary to investigste the behsvior of the cleys at the dif-+ 
ferent temperatures.. To enced up the burning, the test pieces 
were previously oxidized to 900° ¢,., the. maximum oxidizing tem- 
perature of sheles, before tests were made. Since Jeckson's " 
work was carried out with sheles, his burning curve, which is found 
in ereph 1, was edooted for this study. The results obteined in 
burning according to this curve are given in tebles 1 snd 2 It 
wae found that clay number 4 wes first to break down in structure 
at high temperatures with 5 eané 6 showing leck of vitrification 
renge. The maximam sefe burnine temperature for all the shales, 


which was used throughout the experimental work, wes 1100° ¢, 
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Table 1 


Study of maturing temperatures of clays 
* a a eh a Pe 
1050 soft fmatured [natured matured 
1100 me tured poverwnenad) natured matured 


i Bra : x 


Table 3 


Study of maturine temperatures of clays 


Clay 1 2 : 3 4 5 6 
Matured | x00 | 1200 | ne 1070 
Glisesy | + Hr, eat; 1 Hr fit on 2t i down at CO 1100 
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2. Determination of tyne of furnece. 

Sinee control of the atmosphere was the object of the teste, 
it was necessery to xdopt a furnace in which the regulation of 
atmospheric conditions would be independent of the hesting burners. 
For this purpose, a muffle was pleced in s surfece combustion fur- 
nace. The six furnece burners heeted the muffle while an euxillery 
burner for control of stmospheric conditions wae inserted in the 
muffle through 2 veep hole in the door, The thermocouple was in+ 
trocuceé in the muffle through » bole in the back of the furnace 
end extended to the center of the muffle, 


3. Determinetion of effect of veriocus gaseair mixtures. 

It was thought that a variation in the gas-air ratio of the 
mixture sent into the muffle for reducing was allowable. To find 
the limits of the renge, gas was passed into the furnace alone. In 
each succeeding burn, an increased amount of air was mixed with 
the gas until a definitely oxidizing atmosphere was attained. It 
was found thet a fairly wide range existed. The best results were 
obtained with a 1:2.77 gas-air ratio. A volume of 6.6 cubic feet 
of mixture per minute passing into the mffle of 1.5 cubic feet 
volume consisted of 1.75 cubic feet of gas and 4,85 cubic feet of 
sir. Reduction wee produced in a longer time with a mixture as 
low as 133.96. This shows that 40% to 60% of the required air for 
complete combustion is the allowable renge with the best results 
obtainable using 42% of the air necessary for complete combustion. 

An average analysis of the city gas of the Champairn-—Urbane 
gas works used in the tests is as follows: 

00, and HpS 3.8 
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Teble 2 shows the enelyses of the furnsce grees et different 
times, These were mete on o modified Orant apperetus but no trace 
of hydrogen or eny of the hytroesrbone wee fount, In the recuoing 

; - furneee, however, particles of esrtor were present. These were 
deposited on the eeter of the collecting bottle. Gaaee vere | 
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before brick structure feiledc. 


4, Determination of effect of duration of reduction period, 
Another possible variation in flashing was studied in the 
duration of the flash. Periods from five minutes to one hour were 
tried at the maximum temperature, Best results were obtained with 
a fifteen-minute flash. Less time was not sufficient and a longer 
period of reduction was detrimental to the structure of the brick, 
first producing too glassy a structure, followed by a vesiculer 


structure. 


5. Determination of safe firing temperature under reducing 
conditions. 

Flashes were msde on the brick from 1150° ¢, to 1000° oO, 
at 50° intervals, Samples were drawn during each flash and the 
flash continued until the samples resembled those from a fifteen 
minute flash at 1100° G, Flashing at higher temperstures than 
1100° oc. destroyed the structure. At lower temperatures an in- 
ereased length of flashing period was required. Vlashing was not 
effective or permanent below 1000° G, or the point at which the 
so called glass formation or sintering begins, This seems to have 
a definite beering on the permanence of the flash. Graph 2 shows 


the relation of time and temperature in flashing. 
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6G Determination of effect of various temperatures on rete of 
reozxidation, 

After a fifteen minute flesh at 1100° ¢, the furnace was 
quickly dropped to the desired temperature and held with = strongly 
oxidizing atmosphere until the samples showed reoxidation. Tem~ 
peratures of reoxidation studied were 1100, 1050, 1000, The rete 
of reoxidation was rapid at 1190° C., producing red colors in one 
hour and forty-five minutes. At 1°50 degrees, red brick were ob- 
tained in a little over three hours, At 1000 degrees no evidence 
of reoxidation was noted after six houre of holding wad the brick 
failed in structure, Greph three shows thet cooling quickly below 
1050° G, is a sefe meane of preserving dark colors and that slow 
cooling above this temperature will destroy the flash completely or 


produce verious colors such es golds and greens. 
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7. Summary of results of preliminary testa, 
The preliminary test geve the following results which 


formed a besis for continuation of the flashing tests, 


le 
Be 


A tate of heating of 200° ©, per hour was satisfectory,: 
The averace maturing temperature of the clays was 
1100° 4,. 

The maximum safe flashing temperature was 1190° o, 
Fifteen minutes et this temperature produced the best 
flashing results, 

One hour at 1190° G, to three hours at 1080° o, wes 
sufficiently slow cooling to produce reoxidstion, 

Less time than in “o,. 5 was sufficiently rapid cooling 


to prevent reoxidstion, 


Vi Effect of flashing and cooling procedures on color 


In accordance with the results obteined in the preliminary 


tests,. burning curves 4 and 5 were constructed to"produce the 


variations which were required in the outline given under "Purpose 


and plan of study," 
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1, Experimentel Procedure, 

Briquettes were placed in the muffle with sufficient space 
between them to allow 9 good circuletion of geses around each piece, 
The couple was so placed in the muffle that the hot junction res 
exactly in the center, The furnace was then heated to 1T1OO° 4G, 
by six burners outside of the muffle voreventing any section of these 
gases on the bricks, At 1100° 6,, the six burners were turned 
down so that to give about one half the pas supply used in the heate 
ing up period, an auxiliary burner, made of a porcelain, wes intro- 
duced into the muffle through an opvening in the door, The tube 
extended one third the leneth of the muffle into the muffle, Air 
and gas mixtures were introduced throuch this tube with sufficient 
velocity to blow to the rear of the muffle over the setting, The 
upper portion of the muffle was et hirher pressure then the lower 
portion, therefore, reducing gases traveled back toward the door 
througa the brick setting end were let out thru ean opening in the 
bottom of the door of the muffle. for slow cooling in oxidation, 
the heating burners were kept at the same setting es during flesh- 
ing end a stream of air wee blown into the muffle. For rapid cool- 
fag in oxidetion, a strone cold biest of air was blown into the 
muffle with all heating burners shut off. For slow, reducing cool-~ 
ing, the six outside burners were shut off and the muffle burner 
kept as during flashing, This burner supplied sufficient hest to 
follow the curve and maintain the reducing conditions. For rapid 
cooling in reduction, the bricks were transferred to a furnace kept 
under reducing conditions et 2 low red heat, 

Since a second reduction at the maximum temperature destroy- 


ed the structure of the prick, it was necessary to reduce the ten 
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perature of the second flesh to overcome this, Therefore efter the 
first flash the temperature was reduced to 1050 degrees centigrade 
in one hour end the second flash applied then efter which the 
remuler procedures of cooling were followed, 

The following observations were made on the pieces: 

1. Surface color 

2, Surfece structure 

3. Interior color 

4. Interior structure 

Slides or thin sections of representative samples were made 
end examined, In some cases colore tions were only surfece effects 


end vere too thin to permit making slides for study. 


2. Results of tests. 

One reduction and rapid cooling in oxidizing conditions, 
produced e dull black brick, One reduction and rapid cooling in 
reducing atmosphere produced also the same type of dull black color. 
Clays 1, 2, and 3, however, vere olive green. This green color 
was @ very thin skin effect due to probebly the oxidation effect 
during the time it wes being treneferred thru the air to the cool- 
ing furnace. | Slow cooling after one reduction in an oxidizing ate 
mosphere showed definite siene of reoxideation, producing golds, 
yellows, reds, and browns, Slow cooling after one reduction in ea 
reducing atmosphere, produced blecks, Due to an air current in the 
furnace, some of the feces were vertially oxidized but the reneral 
color was ® good dull dleck. 

After two reductions and repid cooling in a@xidizing atmos= 


phere, @ brown-black color wes produced, This indicetes that the 
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additional heating produced a glassy structure which, after the 
oexidetion between flashes, prevented a thorough flashing the second 
time, After two reductions and rapid cooling in a reducing otmos- 
phere, the bricks were slightly darker than with the previous cool- 
ing. Slow cooling in oxidizing conditions after two reductions 
gave a deep brown red color, Slow cooling in reducing conditions 
after two reductions produced 2 bleck with a slight brown tint, 

The results of the separate burns in this series of tests 


are shown in teblee 4, 5, 6, and 7. 


3, Gummary of results. 

Blacks were produced by repid cooling in both oxidizing and 
reducing atmospheres; also by cooling in reducing atmosphere slow 
ly. This indicates that they can be produced when no oxidation 
takes place or when cooling revidly enough with oxidizing contite 
ions through the active temperature range. 

Complete reoxidetion took place in an oxidizing atmosphere 
only in slow cooling, showing that this condition is necessary for 
the reaction, 

Gold color wes produced by reoxidation after one flashing, 
showing thet such a color may result after a flashing treatment of 
moderate severity. In the case of slow oxidation following two 


reductions, the resulting color was a brown instead of the gold 


| that resulted with similer cooling treetment after e single Te~ 


duction. 


Green was produced in the cuickly cooled pieces under re- 
ducing conditions, Test pieces taken out of the furnace while 


under reducing conditions and ecerried thru the eir to a furnace at 
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red heat end with reducing atmosphere developed green colors, This 
color is apperently a thin surface effect produced by rapid changes 
of alternating reducing end oxidizing conditions. 

It will be noticed that after a second flash these color 
changes were very sluggish, The dark color produced by reduction 
wae permanent, In the two-flash series, the surface of the bricks 
was glassy in every onse, showing thet this sintered, well-vitrified 
prick formed a coating that prevented the further action of gases 
on the minerals in the brick producing the color, 

On lone heating under oxidizing conditions, the brick formed 
the usual glass coating which wae very thin and of e good chocolate- 
brown color 

Four outstending results were noticed, 

le Reduction produced blacks. 

2, Oxidation brought back the red or yellow colors. 

%, Alternations of oxidizing and reducing conditions pro- 
@uced browns and greens and the intermediate colors. 

4, Prolonged hesting with oxidation produced browns. 

5 After single reduction without formation of the thin 
glass costing on the brick, the color wes easily «ted upon by gases. 

G6, Reduced bricks with a thin glass coating acted slugrish- 
ly with respect to changes in color. 

7, A&A glassy surface served as a protection to the reduced 
colorizing minerals in the brick, preventing action of gases on 


them and resultant change of colors. 
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VI Microsegpic investigstion. 
1, Resuites 
12 13 

Shales, according to Harker and Rogers, are made up 
of quartz, feldspar, kaolinite, decomposition traces of biotite, 
rarely zireon, epidote, limonite, siderite, calcite, magnesite, 
carbonaceous matter, oyrites, glauconite, rarely rutile, and 
hematite; Iron can therefore be contained in sheles in biotite, 
epidete, limonite, siderite, pyrites, glauconite, and hematite, 

The oxidized seimples showed a definitely red color uncer 

the microscope, Hematite, Fe,0,, which produced the color, occurr+ 
ed in large croups of particles and also seattered thruout the 
mass. The individuel particles of hematite were 1 mi end larrer 
in size with a tebular and irregular rrain hebit, appesring color 
less under the high power, 

The reduced samples shoved the same tebulsr forme an?‘ 
greins but with the color chanred to black, Pulverizine some of 
@ reduced portion, and testing with a needle point under the 
microscope proved thet these pieces were megnetic and therefore 
magnetite, Fe,0,. The definite outline of the Pen, was not changed 
in reduction, indicating thet very little, if any, solution of 
iyon in the glase occurs, No sign of iron silicstes was noticed, 
although both iron and ouartz were present in grein form Since 
the only iron silicate known is colorless, we must stronely doubt 
Bleininger's statements in connection with his theory on colors in 


fleshing. 


2, Summary of results. 


We may attempt to explain the cause of color in the following 
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Pe 
waye If sections 1 mu in thickness were cut perallel to the face 
of the brick, esch of the thin sections would contain quartz ereins, 
black iron oxide grains, and a eray mass, commonly termed shale 
structure by petrorraphers, The black iron oxide is not evenly 
Aistributed, Therefore, if tro thin sections ard placed one on 
the other, the black perticles in the one may or may not be above 
those of the lower sections The merenetite is seen only in the top 
section since the shele structure is not entirely treneperent, The 
magnetite in the lower section, however, tends to darken the rray 
of the shale structures Placing many such sections in a stack, the 
shale stzasture eradually darkens until » black is reached et a 
thickness of .O5 mm, The number of particles reduced end the bleck 
Color increase with inercase of duration of flashing and the number 
of flashés, Looking at the face of a flesned brick, we are theor- 
etically looking st many thin sections of reduced brick guperimpos= 
ed on each other, the resulting thickness devendinge on the depth 
of the flash» Thie coloration theory may also be used to explain 
the red and other colors produced in the bricke,: 

The intermedicte colores, rolds, browns, greens, ete., ate 
produced by combinetions of varying amounts of the different iron 
oxides. When the hems ti te predominetes over the magnetite, the 
yellow color is prevelent, when the black oxide predominetes over 
the 7 at aia amount, browns and the dark shades ere produced,’ 
Felsner found the seme in coloring glass with the two iron ox= 
ides. Peneroft states that vorying size of particles causes 
variations in color, giving the example of Pe,0. in large perticles 
as red and in small particles as yellow, He edds that thickness of 
pigment leyer varies the shade of colon 
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We may conclude from this thet colors are due to the simple 
oxides magnetite end hematite. Particle size, relative amounts of 


each present, end thickness of pigment iayer determines color. 


VII General discussion of results. 

Reduction produced a black color which was due to the ree 
duction of hematite to magnetite. This material distributed heters 
reneously in the ‘reduced portion, geve the shale structure of the 
brick a bleck sppeerence, producing a dull black color. 

Reoxidetion restored the hematite from the mognetite pro- 


ducing agein the reds and yellows. The @istribution of the 


particles seain was the ceuse of the red color. The verietion in 


red to yellow was due to the size of hematite particles, the large 
ones giving a red end the small, a yellow color, 

Partiel reoxidation produced varying colors. Greens were 
the result of a short oxidation e’ter reduction followed by ree 
ducing cooling, This color is due to a surfece chence of mage 
netite to hematite with the black backcround of marnetite. Browns 
wete a result of reoxidation in slow cooling after two reductions, 
After two reductions, the brick has a slag coating which makes ell 
chemical chanres due to atmosphere manipulation difficult. wWheree 
as, after one reduction a red or yellow is possible under these 
conditions, only a partial reoxidetion takes place after two re- 
ductions, giving e brown. The brown color is due to a mixture of 
hematite and magnetite with the ourntity of hematite slightly grest- 
er than that of the nogentite.s Gold color results from s very 
great excess of hematite over magnetite, 


‘After the development of the slag costing during the second 
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reduction, chances vere very slurgish, Reoxidetion of the blacks 


and reduction during this veriod produced brown tinted colora, 
VIII Conclusions 


1, Black is produced by rapid cooling after reduction to 
1050° 6. or slightly below, or by slow cooling in reducing con- 
ditions. 

@. Golds ere produced by partiel reoxidation after flash 
ing. 

3. Hrowmes are produced by short reoxidation above 1080° oc, 
or by partiel reduction of oxidized brick after a elag coating is 
formed, 

4 Greens sre produced by = short reoxidation st the mx 
imam burning temperature followed by cooling in # reducine atmos 
phe re, This is a surface effect, 

5. It is most satisfectory to flash at the meximum burning 
temperature of the clay since the prick must be sintered or finishe 
ed to hold the flash, 

6 Permanence and intensity of color waries directly with 
time and temperature of flash. 
| 7 Highly vitrified brick is difficult to flash and to re~ 
oxidize, 

8. Reoxidetion is not materislly effective below 1080° «, 

®, Black color is due to mepnetite, 

10. Red color is due to hematite, 
li, Gold color is due to hematite being present in much 
greater cuantities than macnetite. 


18, Brown color ie due to a slight excess of hematite 


> 
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present over macnetite, 

13. Green is due to surface reoxidation to hematite with 
a black marnetite beckrround, 

14, Color, in ceneral, is due to hematite and magnetite in 
varying amounts of each, size of porticles, end thickness of 


pigment layer. 


IX Aecknorledrement 


The writer wishes to acknowledce his indebtedness to 
Professor % ¥. Nursh, under whose suvervision the work wae vere 
formed, end to Mr. T. ™. MeVay, who aided materielly in the 


microscopic studies, 


foe 
nie X Bibliography 
. | 
| 1, Hull, % A, “On the Burning of Rough Textured Shale Brick" 
fT. A. G, 3, Vol 16 pp 179 
2, Seger, Collected Yriting of, Vol 1 
4 3% Giessen, Carl "Coal and Its Coloring Power on Cley Ware" 
T. A. C. S& Vol 1 pp 69 
4 Bleininzer, A. Ve. “Notes on Flashing” T. A. CG. 9 Vol 2 pp 74 
5 Winchell, A, N. "The Optic and Microscopic Characters of 
Artificial Minerals" pp 131 
Raa tey 6 Washington, H, & "Deccan Trens end Other Plateau Basalts" 
‘ Bulletin Geological Society of Aferica Vol 33 
4 pp 705-804 
?. Felsner, © "Iron and Ite Compounds as Coloring Agents for 
Glase" Keramische Rundsechau Yol. 324 Wo. 50 pp 818 
Neo, 1926 e@lso Glass Industry 8(2) oo 29-31 1°27 
8. Willieame, A, =, ""xperiments to Overcome Seurmine and Improve 
the Color of Briek® TT, Ay ©, &% Vol 17 
9, Lovejoy, "Burning Clay “ares” Ch-pter 2 
| 10, Creig, J. W “On the Liquid Immiescibility of the System 
FeO-Fe,03-A1,0,~810,," Paper 649 Geological 
Bari - Laboretory Carnegie Institute of *Yashington 
i 11, Jackeon and Bole, "Oxidation of Ceramic Yares During Firing" 
: Je As O. & Vol 7 3 
4 
¥ 12, Harker, “Pertrorraphy for Students" 
| 


13. Rogers, "Study of Minerels en? Rocks" 
Bais) 14, Baneroft, "Applied Colloidal Chemistry! 


een Tey ty ae 
PSE wae tie te a K cS : p 4 


666.6SV2C co01 Rae 
COLORATION OF SHALES IN BURNINGSURBANA — 


UNIVERSIT Mt 
Y OF Il 


